ABSTRAC~ An enlargcd pineal gland was observed in n 112-wk-old male Fischer 314 rat from the low-dose treatment group in a 2-yr bioassay. Formalin-fixed, paraffin-embcddcd sections of the gland were stained with hcmatoxylin and eosin along with the iniiiiunohistochemical biomarkers synaptophysin, plnccntal alkaline phosphatase, glial fibrillary acidic protein. and vinientin. Based on its histomorphological features and on positive staining with synaptophysin. the lesion was diagnosed as a malignant pineal gland parenchymal cell tumor or pineocytoma of incidcntal origin.
INTRODUCTION
Pineal gland tumors are believed to occur rarely in all mammalian species, comprising from 0.4 to 0.7% of all intracranial neoplasms in human beings (2) . The majority of pineal gland tumors in humans are not considered to be of true pineal gland origin but rather germ cell tumors, either "typical" teratomas or seminomas ("atypical teratomas") (17) . Less frequently observed are true nepplasms of the pineal parenchymal cells or pinealocytes and are classified as pineocytoma or pineoblastoma based on the degree of cellular differentiation. Pineal parenchymal cell tumors have also been referred to as pinealomas (I), although this term has been used generically to connote any neoplasm arising in the pineal gland, regardless of cellular origin, and is considered less cell specific than the pineocytomcdpineoblastoma designation. A third pineal tumor recognized in humans is the glioma, of which several subtypes (e.g., astrocytoma, glioblastoma, spongioblastoma) have been reported.
The rat pineal gland (pineal body, corpus pineale, epiphysis cerebri) is situated near the skull on the brain midline between the cerebral hemispheres and cerebellum and is connected to the roof of the diencephalon by a long, slender stalk (5) . The gland occurs as an approximately 1 -mm-diameter spherical structure adjacent to the occipital lobes of the cerebral cortex dorsal to the caudal colliculus. On toxicity and carcinogenicity studies, sections of rat brain typically selected for examination do not routinely include the pineal gland. Embryologically, the rat pineal gland appears initially as a midline evagination of the diencephalic roof at approximately day 13 of gestation with transformation into a solid organ, the newly developed pineal gland, by gestation day 19 (3). The physiology of the pineal gland with its role in mela-tonin secretion, relationship to periods of daylighvdarkness, and subsequent influence on skin pigmentation and the reproductive cycle has been studied extensively in rats, hamsters, and amphibians (13, 15, 16) .
The mammalian pineal gland is composed of 2 primary cell types. Those forming the bulk of the organ are termed pinealocytes or parenchymal cells, and they appear in hematoxylin and eosin (H&E)-stained sections as cords of pale-staining epithelioid cells with large rounded or lobulated nuclei and prominent nucleoli. Silver impregnation staining and ultrastructural methods have shown long, tortuous processes extending from the cytoplasm of pinealocytes and terminating as clublike structures arranged radially around small blood vessels (5, 11) . The second primary type is the interstitial cell. These cells occur between cords of pinealocytes or in perivascular areas and in most species have characteristics typical of glial cells. They stain more deeply than pinealocytes and have elongated nuclei and filamentous cytoplasm. Because these cells may differ morphologically in some species from classical astrocytes, some authors prefer the term interstitial cell to glial cell.
METHODS An approximately 112-wk-old male Fischer 344 rat (source Taconic Farms) that had served as low-dose principal on a National Toxicology Program (NTP) biossay was necropsied following the scheduled terminal sacrifice. Clinical observations prior to necropsy consisted of an ulcer on the lateral torso and nasaVeye discharge. A complete necropsy was performed, and selected tissues were collected in 10% neutral buffered formalin. Necropsy findings included a 4 X 4 X 3 mm enlargement of the pineal gland ( Fig. 1 ). To preserve the anatomical relationships, the enlarged pineal gland was left attached to the posterior portion of the cerebral hemispheres. Other gross lesions consisted of thick mammary glands, small left testis, multiple testicular masses, a pituitary gland 294 Vol. 26, NO. mass, and single nodules involving the thyroid gland (right lobe), left preputial gland, and skin. Tissues were processed histologically, embedded in paraffin, sectioned at approximately 5 pm thickness, and stained with H&E. Formalin-fixed. deparaffinized sections were stained immunohistochemically with the biomarkers synaptophysin (SYN), glial fibrillary acidic protein (GFAP), vimentin (VIM), and placental alkaline phosphatase (PLAP) with an avidin-biotin-peroxidase procedure using a Ventana ES automated stainer (10) . The dilutions of primary antisera and enzyme pretreatment of tissue sections aresummarized in Table I .
RESULTS
On microscopic examination of H&E-stained sections, the pineal lesion consisted of a well-delineated mass on the posterior-dorsal midline of the brain, which encroached symmetrically on the posterior colliculus and the occipital lobes of the cerebrum. The mass was composed of solid sheets and cords of moderately pleomorphic tumor cells separated by delicate fibrovascular septa ( Fig. 2A) . The cell nucleoplasm was frequently vesiculated or contained fine to coarsely clumped chromatin with a marginal to diffuse distribution (Fig. 2B) . The nuclei varied in shape from round to fusiform, ranged in size from approximately 20 to 50 pm in diameter, and frequently contained 1-2 indistinct nucleoli. Mitotic activity was moderate, at 2-4 mitotic figures per 400X field. The cell cytoplasm was eosinophilic and finely to coarsely vacuolated, and cell borders were indistinct. The neoplastic cell type varied considerably from one area of the mass to another; the cells in the tumor portion adjacent to the brain parenchyma were generally large with round or oval vesicular nuclei, while those in the portion extending above the brain surface were typically smaller and more fusiform and basophilic than the cells in the deeper regions of the mass. The architectural arrangement vaned from solid sheets of uniformly distributed cells to fascicular or palisading patterns (Fig. 2C) . Several small foci of necrosis were present in the deeper regions of. the mass. Low-grade invasiveness was evidenced by multiple 
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blunt focal protrusions of tumor cells into the brain parenchyma as well as finger-like extensions into the choroidal fissure. Distant metastasis of the tumor was not observed. With immunohistochemical methods, the cytoplasm of the tumor cells stained positively for SYN ( Fig. 2D ) but was negative for PLAP, GFAP, and VIM staining. Positive staining was most evident in the larger cells within the deep portions of the mass. Based on anatomic location, morphological appearance including cellular anaplasia and invasiveness, and the results of immunohistochemical evaluation, the lesion was diagnosed as a malignant pineal parenchymal cell neoplasm or pineocytoma.
D~s c u s s r o~
Pineal gland neoplasms in the rat are extremely rare (1, 18) . No pineal gland tumors were listed in the NTP historical data base for tumor incidences in Fischer 344 rats (7) . Of the reported cases in which tumor numbers as well as numbers of animals examined were documented, 14 pineal gland tumors occurred in 13,642 rats from a variety of strains (12) . Despite its widespread use in bioassays over the past 20 yr, there is only 1 known report of a pineal gland tumor from a Fischer 344 rat (14) . Although the cell of origin of this tumor was not determined immunohistochemically, the light microscopic description was similar to that of germ cell neoplasms reported in the pineal glands of humans (17) . Two of the 14 reported cases of rat pineal gland neoplasia alluded to above were evaluated retrospectively with immunohistochemical methods and determined to be primary parenchymal cell tumors (12), although the rat strain in neither instance was specified. The cell of origin for the remaining 12 cases was not definitively established. To our knowledge, pineal gland tumors of glial (interstitial) cell or germ cell origin have not been reported in the rat. Although the latter are not true pineal gland tumors and may actually be parapineal in location, they constitute the largest single classification category for pineal gland neoplasms in human beings (17) . SYN has been found to be useful in the identification of primary parenchymal cell tumors of the pineal gland in human beings (4), while GFAP and PLAP are known to give positive staining reactions to glial cell and germ cell neoplasms, respectively (8, 9) . In addition, VIM has been shown to be a strong positive marker for neoplastic glial cells in the rat (6) . Negative staining results for PLAP, GFAP, and VIM dis- counted germ cell tumor and glioma in the differential diagnosis in the present case.
Although the tumor reported here was seen in a chemical-treated animal, it occurred in the lowest dose group in a study from which there was no biologically significant tumor induction in any organ system. The neoplasm was therefore considered to be spontaneous. This is the first pineal gland tumor recognized by this writer in the histomorphological evaluation of brains from approximately 7,600 Fischer 344 rats of equal sex distribution from chronic and subchronic toxicity and carcinogenicity studies at Southern Research Institute over the past 14 yr. Because pineal gland neoplasms have been observed as a result of fortuitous sectioning from rat brains where no intracranial lesion was detected grossly (1). it is recognized that small pineal gland tumors could have been missed at necropsy and not processed for histopathology in the material from our studies. In addition to glial cell tumors, originating either in the brain parenchyma or pineal gland, a differential diagnosis in evaluating tumors of suspected pineal origin should include meningioma (including the granular cell variant) and teratom2.
